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1

This invention pertains to metal tubes of steel,
copper, brass, aluminum, duraluminum, or other
metal capable of being formed under pressure,
the opposite ends of which tube are provided re-
spectively, with equally and oppositely tapered,
rolled-in threads of substantially uniform wall
thickness corresponding to that of the body of
the tube, said threaded ends being of enhanced
strength due to cold working, and providing a
means for detachably uniting successive tubes in
substantially fluid-tight joints without the neces-
sity for intermediate threaded coupling mem-
bers. The invention also pertains to novel
methods and apparatus for providing said metal
tubes with threaded terminations as aforesaid.

Difficulties have been encountered in the past
in devising suitable constructions for detachably
Jjoining metal pipes or other metal tubes in fluid-
tight connections. The usual procedure is to
provide the pipe or tube terminations with cut
threads, and to join successive sections by means
of internally threaded pipe couplings. The cut-
ting of such threads, however, by reducing the
wall thickness of the tubular stock in the threaded
portion, thereby weakens the construction. In
addition, the necessity for employing in con-
junction therewith the threaded couplings is ex-
pensive, first, by reason of the necessity for and
expense of the coupling itself; and, second, by
Teason of the two threading operations required,
viz., the external threading of the pipe ends and
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the internal threading of the couplings. The use .

of such cut threads obviously limits the permis-
sible wall thickness of the tubular stock which
may be employed in any particular installation,
and, conversely, necessitates the employment in
the body or non-threaded portion of the stock,
of a greater wall thickness than would otherwise
be required.

In accordance with my invention, I propose to
eliminate the difficulties aforesaid, while at the
same time actually increasing the strength at the
Jjoint by providing the opposite ends of the metal
tubes respectively, with equally and oppositely
tapeied, rol'ed-in threads, such that the wall
thickness in the threaded portion is in no wise
reduced, but is maintained the same as that of
the body of the tube proper, and wherein the cold
working which results from the threading and
tapering of the end portions of each tube, actu-
ally enhances the strength of the metal in the
threaded portions, whereby with my invention,
the metal at the joint is actually stronger than in
the body of the tube, in marked contrast to prior
constructions employing cut threads.
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By means of these improvements, I am able to
employ, for any particular installation, metal
tubing of considerably reduced wall thickness as
compared to prior constructions employing cut
threads, this by reason of the cumulative effect
of the two factors above stated, namely, the
avoidance of any reduction in wall thickness in
the threaded portion, and the enhancement in
strength at the joint due to cold working of the
metal thereat.

In accordance with the preferred embodiment
of the invention, the metal in the threadad por-
tions of each tube is slightly expanded in diam-
eter, prior to threading and tapering, over the
diameter of the main body of the tube, and to such
an extent that the threaded junction formed by
detachably uniting two of the threaded and
tapered finished articles will have about the same
internal diameter as the main body of the tube,
1. e, there will be no reduction or constriction in
diameter at the threaded joint, and hence no ob-
stacle to the passage of fluids or other materials
therethrough.

In my preferred process for making the article
above described, a section of steel, brass, copper,
or other cold deformable metal tubing, is placed
upon an arcuate support and the end thereof ad-
vanced axially over the threaded end of a thread-
ing mandrel of slightly greater diameter, thereby
slightly to expand or flare the end of the tube
over the axial length thereof which it is desired
to thread. This forcing of the end of the tube
over the threading mandrel may be accomplished
by means of an hydraulic ram engaging the oppo-
site end, the threading mandrel being meantime
stationarily positioned. When the end of the
tube has thus been advanced a sufficient distance
over the mandrel to flare the end of the tube over
the desired axial extent, the hydraulic ram is
withdrawn and the threading mandrel, carrying
with it the tube, is advanced in threading relation,
1. e. by concurrent axial advance and rotation,
through the aperture of an external, stationary,
roli-threading die, whereby, by co-action between
this external roll-threading die and the thread-
ing mandrel advancing the tube therethrough, a
thread is rolied on the expanded or flared end of
the tube, When the threading mandrel, carry-
Ing with it the tube, has thus advanced com-
pletely through the stationary roll-threading die,
the tube is gripped in a clamp to hold it station-
ary, and the direction of rotation of the threading
mangdrel reversed and the mandrel concurrently
axially withdrawn from threading engagement

86 with the threaded end of the tube, whereupon the
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threading *operation for this end of the tube s
complete. The opposite end of the tube is there-
upon expanded and threaded by an identical pro-
cedure. The tube, with both ends thus expanded
and threaded, s now placed between 2 tapered
die and a tapered mandrel, and the die and man-
drel advanced toward each other, as for example
by means of an hydraulic ram, thereby to force
the tapered mandrel into one threaded end of
the tube, while the opposite threaded end thereof
is concurrently forced into the tapered cavity of
the die. In consequence of this operation, the
threaded end of the tube which enters the die has
imparted thereto a taper which extends inwardly
toward the end thereof, while the opposite
threaded end of the tube, which Is penetrated by
the tapered mandrel, has imparted thereto an
equal and opposite taper which extends out-
wardly toward the end thereof. By reason of
the tapered configurations thus imparted to the
threaded ends, the inwardly tapering threaded
end of one tube is adapted to be threaded into
the outwardly tapering end of & similar tube,
to form the aforesaid fiuid-tight joint.

Having thus generally described the preferred
embodiment of my invention as to the novel
product and the novel method for producing the
same, reference will now be made, for a more
detailed description, to the annexed drawings
wherein:

Figure 1 is & plan view of a metal tube, the op-
posite ends of which are provided respectively
with equally and oppositely tapered, rolled-in
threads, in accordance with the preferred em-
bodiment of my invention.

Figure 2 is a view in axial section through the
joint of two metal tubes in accordance with my
invention, as detachably united.

Figures 3 to 7 inc. are plan views, partially in
section, illustrating the successive steps of my
novel process for rolling the threads into the
metal tubes. Figure 8 is 8 view in elevation of
the stationary external threading die illustrated
in side view in PFigures 3 to 7 inc., employed in the
threading operation as described more in detall
hereinafter.

Figures 9 and 10 are plan views of the succes-
sive steps employed in my process for fmparting
equal and opposite tapers to the threaded ends of
the metal tubes.

Referring to Figure 1, there 1s shown a metal
tube I, the opposite ends 2, 3 of which are pro-
vided respectively with expanded and oppositely
tapered, complementary rolled-in threaded ter-
minations, terminus 3 being provided with a re-
duced taper toward the end, and the opposite ter-
minus 2 being provided with a corresponding in-
creased taper toward the end, whereby successive
tubular members, like those of Figure 1, may be
detachably united in & substantially fluid-tight
joint, in the manner {llustrated in Figure 2. In
Figure 1, the degree of taper of the threaded ends
is exaggerated, for purposes of illustration, the
actual taper being more in line with that illus-
trated in Pigure 2.

Referring to Figure 2, there is {llustrated at the
left, one threaded end of a tubular member 4, in
accordance with my invention, corresponding to
the end 8 in Figure 1, viz,, the end having a re-
duced taper toward the end; while, at the right
in Plgure 2, there Is illustrated the opposite
threaded end of another tubular member 6 of
similar construction and corresponding to the
end 2 of Figure 1, having an increased taper to-
ward the end. As shown in Pigure 2, the end of
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the member 4 having reduced taper is adapted to
thread into the oppositely tapered end of the
tubular member 6§, to provide the aforesaid sub-

stantially fluld-tight joint.
It will be observed from the cross-sectional
showing of Figure 2, that the wall thickness of
he tube stock in the threaded portion, as at §,
is substantially constant, and the same as that
in the body portion T of the tubular member
proper. That is to say, in the formation of the
threads, no metal has been cut away, and also
there is no substantial variation in wall thickness
of the metal in the threaded portion, as com-
pared to the body portion of the tube. In other
words the wall thickness of the metal in the crest,

yoot and sides of the threads is substantially

equal to the wail thickness of the metal in the
non-threaded or body portion of the tube. It will
pe further observed that, by virtue of the com-
plementary tapers imparted in the threaded por-
tions of the members &, § thus detachably united,
a locking action occurs at each thread, whereby
the aforesaid fluid-tight joint is secured.

Referring now to Figures 3 to 8 inc. for a de-
tatled explanation as to my preferred method for
forming the threads, referring for the moment
to Figure 3, there is shown a mandrel 8 provided
with a threaded head 9 adapted to cooperate with
a stationary external roll-threading die (0, to
roll the threads in the tubular stock as explained
below. The stationary roll-threading die {0, as
shown more in detail in Figure 8, comprises a
circular frame 11 stationarily mounted on rigid
supports 12, and within which one or more roll-
threading dies, such as at (3, 14, 15, are rotat-
ably supported on shafts, such as 16, carried by
the frame i1. As illustrated more In detail In
Figure 5, each of the roll-threading dies, such as
(3, is provided on its periphery with a threaded
form which is complementary to the threaded
form 9 on the threading mandrel 8. The thread-
ed portion 9 of the threading mandrel 8 is of
slightly greater diameter than the internal di-
ameter of the metal tube 18 to be threaded.

Prior to the threading operation, the thread-
ing mandrel 8 is positioned to the left of the sta-
tionary roll-threading die {0 in the relative po-
sition thereto shown in Figure 3, while the metal
tube 18 is positioned to the right of stationary die
{8 on an arcuate support 19. One end 20 of tube
{8 is thereupon forced over the threaded por-
tion 9 of mandrel 8 by means of a power actu-
ated ram 21 engaging the opposite end 22 of tube
{8, which ram may be actuated by any suitable
means such as hydraulic pressure, compressed
air, etc., and in such manner as to exert contin-
uous pressure on the tube 18 in the direction in-
dicated by the arrow 23, until the end 208 of the
tube has been forced over the threaded portion
9 of the mandrel 8 from the initial position
shown in Fig. 3 to the final extent {llustrated In
Pigure 4, i. e. the extent over which it is desired
to thread the end 20. It will be observed that,
as a result of this operation, the end 20 of tube
i8 has been expanded or flared outwardly to &
slight degree as compared to the remainder or
main body portion of tube 18, When the end 20
of tube 18 has thus been expanded or flared over
the desired axial length, depending on the length
over which the threading is required, the pressure
exerted by the hydraulic ram 21 is released by
withdrawal of the ram 2{ to the position 24,
Figure 4.

Referring to Flgure 5, the threading mandrel 8,
carrying with it the tube (8, {s now rotated and
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concurrently advanced, as indicated by the ar-
rows 26, actuated, for example, by means of a
power-driven lathe, whereupon the outer surface
of the expanded portion 20 of tube 18 engages
the form-threaded rolls (3, 14, 16 of the stationary
roll-threading die 10, while at the same time the
threaded portion 9 of the mandrel engages the
inner surface of the expanded portion 20 of the
tube in such manner that, by the co-action be-
tween the threaded portion of the mandrel and
the form-threaded rolls on the stationary thread-
ing die, threads are rolled into expanded section
20 of the tube in the manner illustrated in Pig-
ure 5, the concurrent rotation and advancement
of the mandrel, from the power source, being ap-
propriately adjusted to carry out this operation.

The aforesaid advancement of mandrel 8 is
continued until the mandrel, carrying with it the
tube {8, has advanced to the position shown in
Figure 6, in which the threaded end 9 of the
mandrel has moved completely to the right of the
stationary threading die {0. At this point, an
upper clamping member 25 cooperating with the
tube support (9 is operated, thereby to grip the
tubular member {8 between members (9, 28,
whereupon the power drive on the threading
mandrel 8 is reversed causing the mandrel to be
withdrawn (o the left and concurrently rotated,
as indicated by arrows 26, Figure 7, thereby to
disengage the mandrel from the threaded por-
tion 20 of the tubular member, as shown in Fig-
ure 7, this operation continuing until the thread-
ing mandrel 8 has reassumed the position shown
in Pigure 3.

Identically the same sequence of operations as
above described is now performed on the oppo-
site end of the tube 18, thereby to expand and
thread the opposite end 22 thereof. The thus
threaded tubular member then has the appear-
ance shown in Pigure 9.

The so-threaded tubular member {8 is now
blaced between a tapered die 27 having a tapered
cavity "8, and a mandrel 29 having a similarly
tapered stud 30, and pressure exerted between
the mandrel and the die by any suitable means,
as for example by means of an hydraulic ram,
compressed air, power driven screw feed, ete.
This pressure is continued until the threaded
end 20 of tube 18 has been forced sufficiently into
the cavity 28 of the die, and until the stud 30
of the mandrel has sufficlently penetrated the
threaded end 22 of tube I8 to oppositely taper
these ends, as illustrated in Figure 10. In con-
sequence of this operation, the left end 20 of the
tubular member has imparted thereto a reduced
taper toward its end, while the opposite end 22
of the tubular member has imparted thereto a
complementary increasing taper toward its end.
At this point in the sequence of operations, the
mandrel 29 is withdrawn by release from the hy-
draulic pressure and the tubular member {8 re-
moved from the die, resulting in the finished
structure as fllustrated in Figure 1.

Although the above describes the preferred
modification of my invention, and the preferred
process for making the same, various other mod-
ifications are possible. For example, the tubular
member may be provided with non-tapered
threaded ends, by expanding and threading one
end as illustrated in Figures 3 to 7 inc., while
threading the opposite end without expansion,
in which event +.c non-expanded threaded end
of one tubular member wiil thread into the ex-
banded and threaded end of another tubular
member, thereby to form the joint. Another
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modification would comprise expanding both
ends, one slightly more than the other, followed
by threading, to provide a threaded telescoping
joint. In another possible modification, the two
ends of the tubular member may be threaded
without expanding the diameter of the end por-
tions, followed by the imparting of equal and
opposite tapers to the ends 80 threaded, in the
manner illustrated In Figures 9 and 10. In this
modification, the opposite tapers imparted to the
two threaded ends, are the means by which the
end of one tubular member having decreasing
taper may be threaded into the opposite end ot
another member having increasing taper.

Slight changes in the method above described
for making my preferred modification of the
invention are entailed In producing the modified
structures above mentioned. For example, the
rolling of a thread into a non-expanded terminus
of & tubular member is best effected by employ-
ing an external roll-threading die having a roll-
disengaging construction for disengaging the
thread when finished, this being accomplished,
for example, by the use of self-closing rollers
on the external die; and by further employing
a construction of the threading mandrel adapt-
ed to disengage the threads, such for example
as a collapsible mandrel, or one having threading
rolls which can be disengaged.

The invention is applicable to tubular members
made of any metal capable of being formed and
shaped under pressure, such as low carbon steel,
austenitic stainless steel, copper, brass, aluminum,
duraluminum, ete. Ordinarily, the expanding
threading and tapering at the ends of the tubular
members, in accordance with the invention, are
carried out by cold working the metal; although
my invention does not preclude carrying out these
operations at elevated temperatures, particularly
where tubular members of considerably wall
thickness are required for any particular installa-
tion. A marked advantage of carrying out these
operations on the metal “in the cold” js that the
metal at the joint is thereby cold worked, and
correspondingly strengthened as aforesaid, and
for this reason I prefer the use of cold-working
operations where feasible and aprlicable, Al-
though the wall thickness of the tubular members
Is not critical, I find that excellent results are
obtained by applying the invention to metal tubes
having a wall thickness of, for example 15 to 1
inch, preferably about % to % inch, although
greater or lesser wall thicknesses may be em-
ployed. For any given metal, however, the wall
thickness should be sufficiently great to provide
& relatively rigid tube, and one which will re-
tain its shape at the joints when expanded,
threaded and tapered as aforesaid, and thereby
be capable of providing the fluid-tight joints
where required, although there are, of course, ap-
plications where this 1s not necessary and to
which various modifications of my invention are
equally applicable. ‘

It is to be understood of course, referring to
Pig. 4, that the external roll threading die {0,
need not necessarily be held stationary during
the threading operation, but may be advanced
against the stock by means of a power actuated
screw feed in the same fashion as the threading
mandrel 8, in which case the threading mandrel
could be maintained stationary if desired.

I claim:

1. A cylindrical tube of substantially uniform
wall thickness throughout, made of metal capable
of being formed under pressure, said tube being
provided at each end with a complementary ex-
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ternal and internal, rolled-in, threaded terminus
of sinuous form in longitudinal section and of
substantially uniform wall thickness throughout,
corresponding to that of the body of the tube, sald
threaded portions being work-hardened through-
out and of enhanced strength, and the threaded
terminus at one end being adapted to threadedly
engage the threaded terminus at the opposite end
of a similarly constructed tube. ‘

2. A cylindrical tube of substantially uniform
wall thickness throughout, made of metal capahle
of being formed under pressure, said tube being
provided at each end with a complementary ex-
ternal and internal, rolled-in, threaded terminus
of sinuous form in longitudinal section and of
substantially uniform wall thickness throughout,
corresponding to that of the body of the tube,
the threaded portions at the opposite ends hav-
ing imparted thereto equal and opposite tapers,
whereby the threaded portion at one end is adapt-
ed to threadedly engage, in & substantially fluid
tight joint, the threaded portion at the opposite
end of a. asimilarly constructed tube, and the

‘metal in said threaded portions being sufficiently
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expanded in diameter compared with the body of
said tube, to provide a threaded joint as aforesaid,
having & minimum diameter corresponding sub-.
stantially to the internal diameter of the body of
said tube, and the metal in sald threaded por-
tions being work hardened throughout and of en-
hanced strength.
ALEXANDER WILLIAM GALBRAITH.
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